There is increasing emphasis on the need for effective ways of sharing knowledge to enhance environmental management and sustainability. Knowledge exchange (KE) are processes that generate, share and/or use knowledge through various methods appropriate to the context, purpose, and participants involved. KE includes concepts such as sharing, generation, coproduction, comanagement, and brokerage of knowledge. This paper elicits the expert knowledge of academics involved in research and practice of KE from different disciplines and backgrounds to review research themes, identify gaps and questions, and develop a research agenda for furthering understanding about KE. Results include 80 research questions prefaced by a review of research themes. Key conclusions are: (1) there is a diverse range of questions relating to KE that require attention; (2) there is a particular need for research on understanding the process of KE and how KE can be evaluated; and (3) given the strong interdependency of research questions, an integrated approach to understanding KE is required. To improve understanding of KE, action research methodologies and embedding evaluation as a normal part of KE research and practice need to be encouraged. This will foster more adaptive approaches * Correspondence: Dr Ioan Fazey e-mail: ioan.fazey@st-andrews. ac.uk to learning about KE and enhance effectiveness of environmental management.
INTRODUCTION
Knowledge, experience and learning are fundamental for effective environmental management. Irrespective of its origins, knowledge shapes decisions and implementation, while the learning that occurs through research and practice influences future action (Lee 1999; Salafsky et al. 2002; Fazey et al. 2005a) . Over the last two decades there has been an acceleration of research in environmental management to guide theory and practice (Fazey et al. 2005b; Lawler et al. 2006) . But accumulation of knowledge and information is not enough: the effectiveness of environmental management depends greatly on how knowledge is exchanged, with whom it is exchanged, and how it is used (Pullin & Knight 2001; Cash et al. 2003; Francis & Goodman 2011) . The importance of knowledge exchange (KE) is increasingly being recognized as key to facilitating social, environmental and economic impact of research. This is seen in requirements for funding applications to identify potential beneficiaries and strategies and pathways to impact (Phillipson et al. 2012 ). Yet KE is often seen as a tool rather than a complex and dynamic process with many interpretations and uncertainties about what makes the process effective and under what circumstances. This paper Table 1 Some of the many terms used to describe processes of KE and implied meanings of these terms.
Term
Implications Knowledge generation Implies 'new' knowledge produced as an outcome of some form of process, but does not indicate the nature of the process. It does not explain whether the 'new' knowledge is discrete from or a product of past knowledge and experience Coproduction of knowledge Implies a process where knowledge is or can be produced through interaction with others, possibly with people with different perspectives and backgrounds, through cooperative endeavours and mutual learning Knowledge transfer Implies knowledge is portable, a linear direction, delivery and reception in a one-way process Brokerage of knowledge Implies disputed knowledge, deliberation between different parties, and possibly mediation through a third party to resolve dispute Storage of knowledge Implies knowledge is portable and can be held in a form that can be accessed when needed Knowledge exchange Implies a two-or multiple-path process with reciprocity and mutual benefits, maybe with multiple learning, but not necessarily recognition of the equitable value of the different forms of knowledge being exchanged Knowledge sharing Implies a similar process to exchange, but possibly with greater recognition by those involved of the value of the knowledge of those with whom they are sharing Transformation of knowledge Implies changing the knowing or knowers towards a different state or condition in the process Knowledge mobilization Implies eliciting or spreading knowledge to a wider range of recipients, possibly with the intent of increased application of knowledge Knowledge translation Implies communication using a mediated language modified for recipients therefore highlights KE as a research topic in its own right that is highly relevant to environmental management and identifies a research agenda aimed at improving understanding of KE.
There are many definitions of knowledge and KE (Bierly et al. 2000; Nonaka et al. 2000; Duchelle et al. 2009 ) and many different terms used to describe KE processes. These include knowledge sharing, generation, coproduction, comanagement; transfer, brokerage, storage, exchange, transformation, mobilization, and translation (Ward et al. 2009; Best & Holmes 2010) . Use of these terms is not arbitrary, with most involving metaphors with different underlying propositions that lead to different practices (Table 1 , Lakoff & Johnson 1980; Cortazzi & Jin 1999) . A single concept or definition is unlikely to adequately encompass all of these terms. Nevertheless, for the purposes of this paper, they are generally referred to as knowledge exchange, which we define as a process of generating, sharing, and/or using knowledge through various methods appropriate to the context, purpose, and participants involved.
There is extensive research on KE relevant to environmental management in a wide range of fields and disciplines, including business and organizational management (Bierly et al. 2000; Argote et al. 2003; Dwivedi et al. 2011) , health studies (Graham et al. 2006; Davies et al. 2008) , international development (Blaikie et al. 1997; Campbell & Vainio-Mattila 2003; Cash et al. 2003) , political science (Nutley et al. 2010) , environmental science, agriculture and natural resource management (for example Reed 2008; Blackstock et al. 2011; Sanchez & MorrisonSaunders 2011) . Education, linguistics, psychology, sociology and the diffusion of innovations also provide highly relevant insights into processes relating to KE, such as how people learn, communicate, make decisions, and form beliefs and cultures (Bloom et al. 1956; Rogers 1995; Valente 1996; Entwistle 2001; Bennett & Bennett 2003) . Despite increasing recognition of the importance of social practices, interventions, and decision-making processes to enhance KE, environmental management has had little engagement with research on KE from other fields. Many aspects of KE are also still poorly understood, such as how KE functions in different contexts, which approaches are most effective, the kinds of skills and processes required to facilitate them (Entwistle & Smith 2002; Dwivedi et al. 2011) and how knowledge can be best mobilized to encourage transitions towards sustainability and environment related outcomes (Cash et al. 2003) .
This paper has three main aims: (1) to provide a review of existing literature from a wide range of academic disciplines on KE; (2) to identify key research questions for addressing key gaps in understanding about KE; and (3) to define an integrated research agenda for enhancing understanding about KE. To achieve these aims academics from different disciplines and diverse backgrounds were brought together to review and develop a shared interdisciplinary understanding of the state-of-the-art of KE. This involved a number of iterative steps, including a professionally facilitated workshop. This paper describes the methodology, and then presents a review of key focal research areas and associated research questions, followed by an integrated research agenda for enhancing understanding about KE in environmental management.
METHODS

Participant selection
KE is a complex field of research that requires interdisciplinary approaches to identify meaningful research questions and research agendas. Given the challenges of working with multiple perspectives and backgrounds, a moderately sized group of 20 academic experts was chosen to explore the complexities of KE, with the size of the group aiming to provide a balance of a diversity of perspectives and ability to examine in-depth a range of material. 'Expert' knowledge was chosen over 'lay' knowledge because this was an exercise to clarify and understand a complex issue (in this case KE) rather than being an exercise of public engagement aiming to make decisions about ways forward to address an issue (Fazey et al. 2006) .
Many of the participants had extensive experience in the practice of KE and some had primary roles as KE professionals. Nevertheless, the primary focus was selecting participants with academic expertise for three key reasons. First, there has been no comprehensive overview of research requirements and gaps in the academic literature on KE, and academic expertise was considered to be the most relevant to addressing this issue. Second, it was important to take a conceptual and strategic standpoint, where broad questions across disciplines and application areas were defined rather than identifying research questions for a specific context, location or management issue to which practice-based expertise would have been appropriate. Finally, the approach needed to be manageable and balance interdisciplinary breadth versus depth of investigation. The approach was therefore bounded around academic expertise to ensure that a meaningful research agenda could be developed.
The 20 participants involved in this study were identified through a review of published literature which discussed different concepts about and research on KE (Evely et al. 2012) . Selection criteria for participants were: (1) that they needed to be directly involved in research and practice of KE; and (2) have a minimum of 10 years of experience in their respective fields, which is approximately the amount of time it takes to develop characteristics typically displayed by an expert (Bransford et al. 2000) . The initial literature review identified around 30 potential participants. Final decisions about inclusion were therefore also based on ensuring a breadth of expertise, mix of career seniority and gender, the capacity of individuals to be able to work in an interdisciplinary group and their availability ( Table 2 ). All participants are coauthors of this paper.
Eliciting expertise
In general, the methodology built on other approaches used for setting research agendas in other fields of research (see for example Hoffman 1998; Steffen et al. 2004 ). An iterative process using ideas from Delphi methodologies (Glass et al. 2012 ) was used to elicit the expertise of participants. This process ensured sufficient exploration of the complexities, nuances and varied perspectives of KE before research questions were identified. 'Cold calling' approaches (for example, using questionnaires rather than face to face dialogue and discussion) were unlikely to have provided sufficient context, background, and opportunities for participants to explore the many issues involved.
The methodology included a number of steps (Table 3) . First, two iterative rounds of preparatory questionnaires were sent to participants prior to a two-day workshop with the aim of helping them articulate their implicit expertise and to position their own perspectives in relation to that of others. Participants were then well prepared for engaging in interdisciplinary discussions during the next stage, which consisted of a two-day workshop led by professional facilitators. In this workshop participants outlined their current thinking about KE, explored concepts and shared their experiences of KE in various exercises, including a range of commonly used participatory techniques, supplemented with the use of rich pictures from soft systems modeling (Checkland 1998) . These exercises aimed to help participants explore in-depth what they understood KE to be and the limits to knowledge about how KE works in Research questions were coded into subtopics of key parts of the KE process and broader themes. These were then discussed and agreed and resulted in the integrated research agenda order to provide background thinking before they identified the research questions. The exercises were also designed to elicit information to address aims that were beyond the scope of this paper (for example, to produce a conceptual model of KE). During the workshop, results from exercises were collated in different ways, such as through direct writing of information by participants on sheets/post-its, through written short reports, or diagrams/schemes. Towards the end of the workshop, participants were asked to identify key research questions. These were sorted into themes. The list was refined and finalized by participants in two additional iterations by e-mail. Participants then contributed to writing short reviews of each theme under direction of the primary author. The themes to be reviewed emerged inductively from the questions, but the literature reviewed was influenced by the expertise of those who contributed to different sections, with moderation and direction by the primary author to ensure that it focused on the key issues that emerged from the workshop. The literature presented in this paper is therefore a guide or preface to the themes rather than specifically a 'result' of the process. Finally, to develop a more specific research agenda for KE, the research questions were coded into subtopics and in relation to four different stages of a KE process and to two additional broader themes. The end result was a list of specific sub-topics of research under six focal research areas.
RESULTS
Experts' perspectives of what constitutes KE
It was clear during the workshop that the way participants perceived knowledge and KE influenced the kinds of research questions elicited. It is therefore helpful to understand the general ways participants conceptualized and framed KE. Participants' perspectives about KE highlighted the multi-faceted nature of KE with a diverse range of social process, contextual influences and challenges to effective implementation. Despite different views about some of the details, there was considerable general agreement about what it involved. Conceptualizations were similar to how KE was often defined in the literature (for example Bierly et al. 2000; Nonaka et al. 2000) with participants' responses to the questions in the initial stages of the workshop often expressing the following:
r KE is generally a process of individual or social learning within or between groups of individuals; r the process of KE can be unidirectional, but to be more effective, KE needs to be seen to be a multidirectional process that involves the coproduction of knowledge; r viewing knowledge as something that can be passed around in inert form through traditional processes of 'transfer' is outmoded and does not reflect what is known about how knowledge is constructed and shared; r viewing knowledge as fixed or inert, no matter who exchanges it, how it is exchanged, or in whichever context is problematic. Such a view does not reflect relatively common and accepted understandings of researchers on knowledge about how it is constructed and shared; r KE is very significantly influenced by a range of contextual factors including political and social considerations, power relationships, the status of individuals, and what the process aims to achieve; r outcomes of KE can be wide ranging, from the generation of information that can be shared, individual learning, enhanced cohesion and trust, empowerment, participation, ownership and responsibility for decision-making, and flattening of hierarchies between individuals and groups; r outcomes depend on a range of individual factors, such as how people internalize knowledge, the skills of facilitators of KE, and past experience, expertise and background; and r outcomes depend greatly on how KE is defined, how goals are identified, and projects implemented.
Key research themes and questions
Participants identified a wide range of research questions and themes (Table 4) . We reviewed each research theme's relationship to the associated research questions.
Defining and conceptualizing KE
There is a multitude of definitions, perspectives, concepts and models of knowledge and how people acquire knowledge (Bierly et al. 2000; Hofer 2000; Nonaka et al. 2000; Evely et al. 2008; Trevitt 2008; Evely et al. 2012) ). Such perspectives have profound impacts on a whole range of individuals' activities, such as reasoning, perspectives on what counts as evidence, how people relate to and manage complex problems, and their capacities for learning (Hofer 2000; Fazey 2010 ). Importantly, how people perceive or define 'knowledge' also influences how KE processes are designed and implemented (Evely et al. 2012) . Understanding the relationship between such perspectives and their implications for effective implementation of KE is therefore important. For example, viewing knowledge as something explicit that can be passed between people tends to result in traditional processes of dissemination where the 'facts' are communicated to different groups. 'Transmissive' perspectives of knowledge tend to maintain the existing status of those involved (for example external conservation expert versus indigenous knowledge) and fails to recognize the complexities of the learning processes in knowledge sharing (such as how cultural background influences what is understood, learnt and shared). At the other extreme, viewing knowledge as a more complex, iterative process of reflection, experiential learning, making implicit knowledge explicit and internalizing the results of a process of sharing knowledge with others, tends to lead to approaches that emphasize the coproduction of knowledge and more adaptive forms of learning (see for example Armitage et al. 2008; Sheate & Partidário 2010) . Such approaches recognize the existence of multiple perspectives and different forms of knowledge, and require continuous attempts to learn from and understand others; these approaches are more likely to lead to adaptive forms of environmental management and longer lasting or more effective outcomes (Reed 2008; Evely et al. 2012) . Therefore, while all models of knowledge and KE will be useful in some contexts, important questions about how perspectives of knowledge and KE influence the process and outcomes of KE and environmental management remain (Questions 1-7, Table 4 ).
Evaluating KE
Environmental research and practice almost always involves some form of exchange of knowledge or information, whether this is a presentation at a conference or more sophisticated and extensive processes of community engagement and decisionmaking. Whatever the form of KE, specific approaches are usually employed to achieve specific outcomes. For example, the Wensum Alliance, a catchment management programme in the UK (http://www.wensumalliance.org.uk/), aimed to reduce impacts of agricultural diffuse water pollution on ecosystem function while maintaining food security. Multiple on-farm measures were implemented across whole river catchments using local expertise to solve local problems. A key aspect of the work aimed to engage the wider public, and thus open day events were used as an approach to demonstrate progress and the inclusive nature of the alliance. In another project, research to identify trajectories of change and vulnerability in remote communities in the Solomon Islands also aimed to enhance social learning and capacity building at local levels. In this case KE was fully embedded in the research processes by using participatory methods and by explicitly designing data collection as an iterative and multiscaled mechanism that enhanced learning of researchers, local research assistants and community members .
These examples highlight the increasing recognition of the need to identify desired KE outcomes and then design processes in ways that are likely to achieve them. Very few projects, however, evaluate the outcomes of KE and even fewer constructively align outcomes, project design and evaluation. Continual examination of what is understood or known is an inherent component of adaptive environmental management to deal with uncertainty (Salafsky et al. 2001; Allan & Stankey 2009 ). Adaptive management requires effective KE mechanisms to ensure that knowledge is shared and preconceptions challenged; the KE process itself also needs to respond flexibly to new insights that may achieve more effective results. Thus evaluation of the KE component is also essential to achieve more effective adaptive management.
There are many different approaches to evaluation, but all generally emphasize the importance of explicitly assessing the desired outcomes of an intervention (European Communities 2006; Shufflebeam & Shinkfield 2007) . Evaluating KE, however, is particularly challenging because it is difficult to demarcate the scope and spatial/temporal boundaries of a KE programme and to consider the broader issues of nested and hierarchical scales of governance and organizational or political scales (Cundill et al. 2005; Marshall 2008; Phillipson et al. 2012 ) that generate multiple variables, objectives and outcomes. For example, there may be much longer-term legacies, such as continued development of relationships, new insights and the wider exchange of knowledge that would not have occurred without the initial KE project (Phillipson et al. 2012) , and there are challenges of linking or understanding how KE processes operating at community levels influence higher levels of governance and management of common pool resources (Marshall 2008) .
Evaluation is also challenging because it is difficult to define what is considered a successful outcome of KE. For example, volunteers in conservation projects with high levels of engagement, greater sharing of knowledge and involvement in making decisions learn more about conservation and working as a team than volunteers in projects who have less engagement (Evely et al. 2011) . This research indicates the kinds of processes that are most effective for delivering learning among the participants of KE. But it does not reveal whether the projects with high engagement were necessarily more effective in achieving a specific conservation outcome, such as the conservation of target species, or whether learning outcomes give rise to more successful but different projects in the future. Projects therefore need to carefully consider whether their evaluations should include the intended environmental outcomes and/or other aspects that relate to the delivery of the KE process per se, such as whether the learning of participants or team cohesion are enhanced.
Some approaches to evaluation emphasize the need for participatory engagement of stakeholders in the process of setting goals and objectives and implementing the evaluations (Zukoski & Luluquisen 2002; Fetterman & Wandersman 2005) . These participatory evaluation approaches are particularly relevant to KE in environmental contexts because they simultaneously enable evaluators to work with stakeholders and project managers to identify the objectives and scope of KE interventions, while also embedding evaluation in projects in ways that encourage adaptive comanagement (Fetterman & Wandersman 2005) .
Participatory evaluation is therefore likely to be one of the most fruitful approaches to developing KE evaluation methodologies. Overall, these kinds of issues raise fundamental questions over the evaluation of KE and its wider impact (Questions 8-20, Table 4 ).
Efficiency and effectiveness of KE
In addition to questions about the framing of evaluation of KE, there are also important questions about what influences the effectiveness and efficiency of KE (Dobbins et al. 2009 ). Effectiveness relates to the extent to which the desired outcome of a process or intervention matches the actual outcome, while efficiency refers to how easily an outcome is achieved given a set of resources, such as time or funding. Thus two different approaches to KE might result in similar outcomes, and have similar effectiveness, but one of them may be less costly to deliver and therefore more efficient. In environmental management both effectiveness and efficiency are important (Laycock et al. 2009; Laycock et al. 2011 ). However, as indicated above, it can often be difficult to define success in KE. For example, in some circumstances, a one-day conservation conference with presentations between academics and practitioners may be sufficient to meet a desired outcome of KE, but this may miss additional benefits provided by a three-day facilitated workshop, or a series of iterative workshops, that potentially enable deeper discussion and the building of trust and relationships essential for long-term collaboration and the emergence of important new insights at a later date. A one-day conference may also be disempowering, resulting in some of those who need to be involved most becoming demotivated and disengaged.
This suggests that KE effectiveness might need to consider 'satisfaction': an insight which comes from intercultural communication research (Ting-Toomey 1999: 265) . Satisfaction can be defined as the extent to which all participants develop positive feelings about the KE process and outcomes and, at a deeper level, the extent of their feelings of positive affirmation about how their desired identity is elicited or validated (namely the degree to which participants feel engaged and involved, patronized or bypassed, and how these feelings affect their perceptions of themselves and roles as environmental practitioners and researchers, or as being part of KE). A reasonable level of satisfaction may mean that participants are willing to continue to share and exchange knowledge, which is vital for viable longer-term sustainability of a project.
The effectiveness and efficiency of KE also depend on the context in which it operates (Entwistle & Smith 2002) . It is usually easier, for example, to achieve exchange of knowledge when people are from similar backgrounds, such as researcher to researcher, compared to working with people who have very different goals, languages, pressures, needs and career paths, such as policy-makers and researchers (Choi et al. 2005 ). Yet if processes are well-designed, then the sharing of knowledge from more disparate backgrounds can result in much more profound transdisciplinary insights (Tress et al. 2005) . What works best will therefore usually depend on the desired outcomes of a KE project and a range of contextual factors. Many questions remain about aspects that influence the effectiveness of KE (Questions 21-31, Table 4 ).
Profiles of people and cultures involved in KE
A particular challenge for effective KE is managing the different kinds of people involved. People have different experiential and cultural backgrounds that affect their interpretation of new information (Alcorn 1993; Reid et al. 2011) . Several important and often overlooked aspects are the cultural values, beliefs and practices towards the environment, processes of learning, and social interaction and language (Lansing 1991; Fischer et al. 2012) . These aspects of culture affect interpretations of knowledge and its exchange in different ways. For example, perspectives of nature, environment and landscapes are usually embedded in a cultural community's heart, mind and memory. In Apache culture in Arizona, place names are linked with stories, which in turn evoke moral concepts and ideas about wisdom. For members of these communities, places are visual symbols of cultural norms and place names are used to socialize children into community values (Basso 1996 ). Such cultural norms can then translate into fundamentally different ways of knowing about and approaches to managing the environment (for example Lansing 1991; Berkes et al. 2003 ). Failing to understand or incorporate cultural senses of place can significantly hinder KE.
Culture also influences learning. This includes the cultural beliefs, values and practices regarding teaching, learning, getting and using knowledge, and how these affect interactions between learners. For example, many learners in China prioritize deep knowledge and the moral behaviour of an expert much more than most British learners. Chinese participants avoid asking or postpone questions to show respect, or wait for the knowledge to be transmitted or processed, enabling them to ask themselves more questions. British participants, however, prefer to ask questions more spontaneously and consider interactive participation to be a key part of their own on-going learning process (Cortazzi & Jin 2002) .
The cultural ways of speaking, or discourse structures of a community, also affect how knowledge is exchanged. For instance, in formal, academic or professional settings, many Chinese speakers provide substantial background of history or theory before leading up to a main point, which may be briefly expressed. This ensures common ground and that, given the background, the hearer may easily appreciate the main point, which therefore needs little elaboration and if understood can be applied by implication. Conversely, many American or British speakers prefer explanations where the main idea is briefly expressed as a signal of what is coming, then background or theory given briefly (since the main point is already known) and the main idea repeated, elaborated and applied. Because such practices lead to different expectations in listening, the main point may be missed if people are unaware of the different ways of communicating (Scollon & Scollon 2001) . Crucially, any misunderstanding of the 'content' in KE can be because of a misperception of either or both the person giving and receiving the message (Scollon & Scollon 1981) .
Finally, cultural differences are also mediated through language. In multilingual contexts where several languages are available for participants (including first, second or other languages), there may be a tendency to use English as the obvious choice of language for KE. However, language choices can affect participants' feelings about interaction and the content of discussions (Cortazzi et al. 2011) . The use of interpreters and translation is also not straightforward, since this usually involves mediation between different cultures.
Overall, environmental management involves exchange of knowledge between people with different backgrounds and cultures, such as between practitioners and indigenous people or between researchers and policy makers. However, consideration is rarely given to cultural and individual differences of participants involved in KE. Many questions remain about the way different backgrounds, experience, values and perspectives affect KE (Entwistle 2001; Evely et al. 2008 ) (Questions 32-43, Table 4 ).
Expertise and skills for KE
KE is based on an assumption that expertise and knowledge, and sources of knowledge production, are distributed widely among scientists, practitioners, businesses, land managers and other stakeholders and the public (Phillipson et al. 2012) . A key set of intermediaries between sources of expertise are knowledge brokers (Gould & Fernandez 1989; Klerkx & Leeuwis 2008; Ward et al. 2009 ). Knowledge brokering is undertaken by a range of organizations and individuals who absorb complex ambivalent messages from diverse sources including technical, commercial and legislative developments and translate them into terms that can be understood and acted upon (Gerrish et al. 2011; Verbeke et al. 2011) . They rely heavily on social networks and links within and across institutions (Reiche et al. 2009 ). Within the arena of environmental management, there are many individuals who perform key roles in acting as formal knowledge brokers (Hogan 2002; Reed 2008) . Recent work on farm advisors underlines the importance of understanding the expertise and skills underpinning brokerage activities (Proctor et al. 2011) . Advisors act as intermediaries bringing scientific, regulatory and professional knowledge to the farm. However they are not simply conduits of knowledge. They also generate their own knowledge from their experiences in the field and their interactions with other experts, including other advisors and farmers. Knowledge is therefore not only exchanged by brokers but is also developed and modified as a result of such interaction (Meyer 2011) . Effective KE is therefore not just about the brokerage of abstracted scientific knowledge generated by research; it is also about the interaction of different types of experts and, through this, the exchange of socially distributed, embodied, contextualized and skilful expertise (Gerrish et al. 2011) . Effective brokerage also relies on target groups, such as national organizations, to optimize their capacities to absorb new knowledge (Lane & Rogers 2011) . There is therefore a need to address a range of research questions about the kinds of skills and expertise needed to encourage KE and how to identify key gatekeepers of knowledge in different settings (Questions 44-50, Table 4 ).
The role of power in influencing KE
Power dynamics, including the relative position or status of those generating and using knowledge, may significantly affect who has access to knowledge and how it is transformed and used in KE (Ingram & Stern 2007; Garnett et al. 2009; Brugnach & Ingram 2012 ). Status and 'positional' power or social, personal or transpersonal power can be mediated in a number of ways, such as through the activities of special interest or pressure groups; differences in formal educational status, and resources and skills, and through cultural barriers that prevent equal participation of certain (often disadvantaged) groups (Ingram & Stern 2007; Whiteley et al. 2008) . Power dynamics influence whose voices get heard in decision-making (Williams et al. 2003; Reed 2008) , which is clearly important in, for example, local environmental decision-making (Partidário & Sheate 2013) . One of the most significant ways that power can influence KE is the power to choose who and what information is included or excluded from a KE process .
These considerations of 'who has power over whom', or the 'power to' exclude knowledges or voices from an exchange process are derived from a view where power is seen to be an aspect of the capacity to bring about or influence an outcome (Barnes 1988) . However, power can also be viewed as a 'distribution of knowledge' which operates through both individual and collective action, rather than residing in any particular individual (Foucault & Gordon 1980; Barnes 1983 ). This view suggests that social order is achieved because people act in accordance with accepted, shared knowledge rather than through coercion by a ruler and enforcement through an overwhelming power of personal authority. One example of this kind of power is money (Barnes 1988) . Money has, strictly speaking, no empirical existence as it is simply a promise to pay the recipient the equivalent sum of money in goods. Nevertheless, shared beliefs about and common acceptance of money shapes and structures social life in fundamental ways, and facilitates countless kinds of individual and collective actions, including those relating to environmental management. 'Power' therefore comes from acceptance of beliefs about what money is and the way in which this shapes actions.
There is general acceptance in these kinds of perspectives that power is inseparable from knowledge. However, there are different views on what kind of social order results from this inseparability. Foucault's take on power as a distribution of knowledge tends to highlight negative (undesirable) instances of power operating through institutions (such as those of the state) that render people as individuals that can be subject to analysis and control (Foucault & Gordon 1980) . Foucault and Gordon (1980) did not insist that power must always operate in this way, but one of the aims of their analysis of power was to identify points of resistance to current operations of oppressive power. Others, however, suggest that power relations can have positive, as well as negative effects (Barnes 1988) . For example, the inequitable distribution of money across a given society can be seen as a negative power dynamic, in normative terms. Yet, even in such a society, many forms of collective action deemed beneficial by members of that society also occur: for example, goods or payments for ecosystem services may encourage conservation outcomes if these programmes are delivered appropriately (Cranford & Mourato 2011; Prager et al. 2012) . In this view, the power of money comes from collective acceptance of it as a mechanism of exchange, rather than because certain individuals have more of it than others.
Viewing power as a distribution of knowledge has three important implications for understanding KE. First, it highlights KE as a process of empowerment or disempowerment, where sharing and exchanging knowledge is inseparable from the dynamics of power. Second, viewing power as a distribution of knowledge focuses attention on the need for appropriate theoretical lenses for understanding the conditions for and the workings of empowerment and disempowerment. Third, differences in the views of key thinkers, such as Foucault and Barnes, on power as the distribution of knowledge, are driven by attempts to understand why people believe what they do, rather than establishing what is 'true' or 'false' in their beliefs. This leads to approaches where no one in a a KE process is assumed to have privileged 'true' knowledge and where knowledge claims are treated 'symmetrically' regardless of their origin or how credible they may seem (Bloor 1991; Barnes et al. 1996) . This then requires processes that facilitate consensus through negotiation and inclusion and respect for the knowledge claims of all involved.
Taking on board the implications of viewing power as a distribution of knowledge, or as individuals or groups having power over others, is likely to lead to a more appropriate and carefully designed KE process. Effective facilitation and careful process design can reduce the influence of power, such as that of dominant or reticent individuals (Hogan 2002) , while investigation using tools such as social network analysis, discourse analysis or participant observation can inform participant selection as a way of managing power dynamics (Reed et al. 2009 ). This raises a number of ethical questions about the design and implementation of KE, such as consideration of intellectual property rights, the ethical issues of including or excluding marginalized groups, and how power is used to influence what is considered by some to be 'valid' knowledge. In general, there is a wide breadth of research questions about the relationship between power and KE (Questions 51-67, Table 4 ).
Participation and the coproduction of knowledge
Participation is often defined as a process where stakeholders (namely individuals, groups and organizations) are actively involved in making decisions that affect them (Webler et al. 2001; Rowe & Frewer 2004; Hage et al. 2010) . Participatory processes typically refer to direct face-to-face contact between stakeholders, but may also include other forms of interaction, such as using social media. Most researchers argue that participation involves ensuring the knowledge and views of people are more equitably incorporated in decisions, such as using approaches that flatten hierarchies to reduce the influence of powerful individuals or groups that can skew decisions (Gaventa et al. 2004; Hickey & Mohan 2004) . As such, participation requires the management and reformation of power-relationships and the creation of spaces for empowerment (Chambers 1997; Williams et al. 2003) , and is closely related to understanding how knowledge is exchanged and used. In particular, given the inseparability of knowledge and power (Foucault & Gordon 1980; Barnes 1983) , knowledge sharing, learning and participation are closely intertwined (Partidário & Sheate 2013) .
The related concepts of coproduction of knowledge and comanagement both view different forms of knowledge (such as indigenous, lay, expert or formal) as having an important role in decision-making and implementation (Raymond et al. 2010) . These approaches to management emphasize the importance of codesign, analysis and evaluation in ensuring that both the outcomes of a KE process (for example, what is learnt or understood) and outcomes of action (such as implementation of conservation projects) are more readily accepted, reducing the potential for conflict with or disengagement of disillusioned stakeholders. Such approaches are distinctly different from the fortress approaches to environmental conservation of the past, which placed a greater emphasis on the exclusion of some groups (and thus, their knowledge) through restricted one-way processes of communication combined with top-down regulatory enforcement of rules and laws (Adams et al. 2001; Brockington 2002) .
While there are many benefits to participation, such as improved and more sustained outcomes, avoidance of litigation costs, enhanced education and learning, empowerment of marginalized groups, and breaking gridlock and conflict (Irvin & Stansbury 2004; Fetterman & Wandersman 2005; Armitage et al. 2011; Evely et al. 2011) , there are also potential challenges. These include higher financial, time and resourcing costs, potential for domination of strongly partisan groups, possibile creation of greater hostility toward governments, and decisions that can be unduly influenced by economic interests (for example when there is inadequate representation of environmental interests) (Irvin & Stansbury 2004) . Much of these challenges emerge through processes that maintain or strengthen existing power relations (Kapoor 2002; Irvin & Stansbury 2004) , and greatly depend on how participatory approaches are conceptualized and implemented rather than simply being a result of fundamental flaws in ideas about participation (Parfitt 2004) .
Overall, there is much that KE practitioners and researchers can learn from participatory and coproduction processes, the role of facilitators used in participatory dialogue, and the influence of formal and informal institutional structures and cultures on processes of KE and participation (Questions 58-67, Table 4 ).
Tools and techniques for KE
The way people define knowledge and KE processes not only determines how these processes are designed and implemented (Evely et al. 2012) , but also the tools and techniques used. For example, coproduction and participation can be viewed as a specific approach to KE with an associated toolkit of methods (such as stakeholder identification and analysis, and facilitated deliberative workshops). A specific example has been the application of 'object world' tools, developed with insights from anthropology and semiotics, to understand and improve technology diffusion (Bucciarelli 1988; Kruijsen 1999) . These tools recognize the importance of seeing through the different backgrounds of stakeholders created by factors such as education, upbringing and culture, to improve the understanding of participants' perceptions and motivations. Such tools would, for example, be useful in discussions to develop nature conservation strategies between stakeholders that perceive nature as 'a park' (who are more likely to choose a 'strict taking care' interventionist type of strategy) and those perceiving nature as 'untouched wildlife' (who would support a 'do not interfere' or more laissez-faire strategy).
Tools for analysis of perceptions are only a small part of a wide range of techniques available to KE practitioners and researchers (Cribb & Hartomom 2002; Hogan 2002; Sheate & Partidário 2010 ). There are also many mechanisms that may not initially be considered to be a specific tool for KE, but can be used to enhance it. This includes participatory and deliberative research methods (Chambers 1997) . For example, deliberative approaches to environmental valuation using choice experiments can enhance KE and learning while also increasing the validity of the results (Kenter et al. 2011) . Similarly, strategic assessments (for example vulnerability or environmental impact) where KE takes place (such as between communities and assessors or scientists and policy-makers) can also be used as tools for enhancing KE Sheate & Partidário 2010) . Irrespective of whether it is a specific tool, strategic assessment, or participatory and deliberative research, the potential to promote KE depends on a conscious effort to introduce genuine opportunities to facilitate KE in initial process designs (Chambers 1997; Fazey et al. 2010; Sheate & Partidário 2010) . There are therefore a plethora of as yet unanswered questions about the different tools and techniques related to KE (Questions 68-73, Table 4 ).
Changes in how KE is understood and implemented
Emphasis and implementation of linkages and knowledge sharing have been changing in environmental management over the last three decades in three key ways. First, knowledge sharing has traditionally been viewed as a one way process of transfer from researchers to practitioners (Schneider et al. 2009 ). Increasingly, however, there has been greater recognition of the value of different forms of knowledge, from indigenous to local, from science to practice, and the need to engage with a whole range of groups to make decisions and achieve desired outcomes (Cash et al. 2003; Aswani & Hamilton 2004; Pretty 2011) . Knowledge sharing is now increasingly seen as multidirectional, with learning opportunities and insights to be gained for all involved through a process of the sharing and coproduction of knowledge (Armitage et al. 2008; Schneider et al. 2009 ).
Second, researchers, policy-makers, agencies, practitioners, non-governmental organizations (NGOs), businesses and communities have traditionally been seen as disparate groups with distinct cultures, priorities and needs (Schneider et al. 2009; Francis & Goodman 2011) . This has made the sharing and translation of knowledge and innovation difficult. Yet, it is now much more common to have scientists working on policy, communities leading practice, practitioners and communities contributing to research, knowledge brokers and organizations that cross traditional boundaries facilitating the sharing of knowledge, and so on (Hahn et al. 2006; Lukman et al. 2009; Johnson 2011; Sheikheldin et al. 2011) . Differences and barriers remain (Choi et al. 2005; Francis & Goodman 2011) , but the boundaries across groups and between science and society are becoming less distinct.
Third, even though environmental management has for some time been conceived as interdisciplinary, the field was initially dominated by the natural sciences (Soulé 1985) . The natural sciences still play a major role (Fazey et al. 2005b ), but there has been a shift towards viewing environmental management as a process involving complex and dynamic relationships between people and the environment (Aswani & Hamilton 2004; Bienabe & Hearne 2006; Ballinger & Stojanovic 2010; Blackstock et al. 2011) . This has led to recognition of the need to include and integrate knowledge and perspectives from a much wider range of disciplines (Evely et al. 2008; Pretty 2011) .
These trends have been occurring in a context where the relationship between science and society is also changing (Beck 1992; Funtowicz & Ravetz 1993; Nowotny et al. 2001) . Greater recognition of the inherent uncertainties and complexities of scientific knowledge (Gallopin et al. 2001) , increasing demand for research to inform solutions to rapid global change (Funtowicz & Ravetz 1993) , and increasing moves towards participatory and deliberative forms of governance (Reed 2008) are being influenced by, and are themselves influencing, changes in applied research fields (Bradshaw & Borchers 2000; Francis & Goodman 2011) . Some of the trends in knowledge production and sharing in environmental management are also being directly driven by new funding mechanisms and incentives (UNESCO 1998);, such as in the UK, where there is growing emphasis on directed research programmes, projects being required to identify potential beneficiaries, and for researchers to develop strategies for KE (Shove & Rip 2000; Research Councils UK 2009; Phillipson et al. 2012) . Together, these trends and changes raise a wide range of research questions, such as implications for the way KE is delivered and conceptualized, and the kinds of incentives needed to help researchers to increase involvement in KE (Questions 74-80, Table 4 ).
An integrated research agenda on KE
Further analysis of the 80 research questions led to the identification of 45 subtopics within four themes about stages of the KE process and two broader generic themes (Fig. 1) . These themes, subtopics and questions provide strategic focus for targeting funds and effort in an integrated fashion. The themes of the integrated research agenda include research questions on: setting objectives and goals; how participants could or should be engaged in KE; how KE should be implemented or what happens during KE (namely the process of KE); and evaluating KE. The two broader themes were understanding the theory of KE, and how societal changes (for example the relationship of society with science) affect and influence how KE is understood and implemented (Fig. 1) .
DISCUSSION
This paper provides the first and, so far, the most comprehensive framework for guiding research on KE. The process of expert elicitation and further review provided a comprehensive overview of the breadth of topics and research areas and questions (Table 4 ) and an integrated research agenda for improving understanding of KE (Fig. 1) . The list of topics and questions are not definitive, as other experts are likely to identify additional questions, while the final summary of reviewed sections was necessarily selective. For example, if the participants had consisted predominantly of ecologists or environmental managers, issues of interacting geographical scales (such as the problems of transferring knowledge across different spatial scales based on limited sitespecific or experiment-specific information) are likely to have been at the forefront of their concerns. In our workshop, the participants did raise the importance of defining outcomes at both individual, group and more collective levels, hierarchies of expertise, and issues around temporal scale and especially in the context of knowledge (for example, see questions 10,13,14, 17 and 19), but did not focus specifically on scale in the sense ecologists might have. Nevertheless, despite some potential limitations of our approach, which are inevitably a reflection of the participants involved, we provide a robust analysis of the current knowledge of academic experts focused on studying and practising KE, who also have an interest in how the information they produce is exchanged and used.
Overall, the agenda highlights five main issues. First, there is a wide range of questions relating to KE that require further research. Second, 44 of the 80 research questions were related to understanding the 'process' of KE. Given that the majority of questions related to this theme, further research should be devoted to improving understanding of the process of KE. Third, particular emphasis is required on how KE should or Figure 1 Key research areas and questions that require additional attention identified by experts under four themes relating to the KE cycle and broader, generic themes relating to understanding the theory of KE and how societal changes (such as the relationship of society with science) affect and influence how KE is understood and implemented. Each research of the research questions (see Table 4 ) is only identified once in the figure. could be evaluated. This is not only because evaluation of KE projects and programmes is currently lacking, but also because developing effective evaluation methodologies and implementing them is key to addressing many of the other research questions. Fourth, many of the research questions cannot easily be addressed without addressing others. For example, to address questions about evaluating KE, some of the questions about identifying objectives and how KE is conceptualized also need to be considered. This highlights the need for those setting research agendas to simultaneously encourage in-depth and robust investigations of KE in ways that also ensure work is integrated across research themes. Finally, the wide range of questions and the strong dependence of answers to one question on how other questions are answered means that prioritization of questions is difficult and inappropriate. This again highlights the importance of an integrated and interdisciplinary approach to enhancing understanding of KE.
Implementing the integrated research agenda on KE also needs to consider many of the other key messages that emerge from material reviewed in this paper. KE is an interdisciplinary applied field involving a multitude of topics that requires input from researchers, practitioners and beneficiaries and consideration of diverse epistemological and ontological perspectives and needs. Addressing research gaps will not be a linear process, and research and practice in KE need to develop alongside one another in an iterative manner. Incentives are therefore required to help facilitate research that establishes and uses appropriate action research methodologies, that makes best use of the learning opportunities provided by existing KE projects, and embeds evaluation as a normal part of KE research and practice. By doing so, an adaptive learning approach where continual learning about KE will be encouraged.
Understanding about KE can also be enhanced by exchange of the findings and outcomes of the research. That is, state of the art knowledge of KE needs to be used to enhance effective exchange of knowledge about KE. This paper provides a vast array of ideas and considerations needed for effective KE. Importantly, KE is a complex and dynamic process and it is naïve to view knowledge as something that can be extracted and passed on in inert form. This view leads to simplistic approaches of 'dissemination' and 'communication' that do not take into account the complex ways in which individual experience and values influence the way people engage with knowledge and ideas, the role of other people, cultures and society in the process, and the wide contextual factors that influence knowledge generation and sharing. Thus, like researchers in other fields, those wanting to exchange knowledge about KE need to employ principles of best practice that take into account some of these complexities (see Sustainable Learning et al. 2011) . Greater consideration of these complexities will be facilitated by emerging networks of those interested in doing and learning about KE (see http://sustainable-learning.org/ and http://learningforsustainability.net/).
CONCLUSION
Many research areas in environmental management demand greater attention. This paper, however, highlights the importance of KE as a research area in its own right. Understanding and implementing KE underpins much of what environmental researchers and practitioners aim to achieve. As the relationship between science and society continues to change, demands for researchers to consider KE more deeply will increase. Research projects in environmental management will also increasingly be required to deliver engagement with stakeholders, consider the diversity of understandings and perspectives involved, encourage cogeneration of knowledge, and bridge science, decisions, policy and practice. The integrative research agenda outlined in this paper provides the focus needed for funders and researchers to direct research towards enhancing understanding of KE. It also highlights the need for environmental researchers and practitioners to engage more deeply with, and to think more explicitly and carefully about, the design of KE projects and programmes in ways that acknowledge the complexities of KE processes.
